THE DENTIGEROUS CYST is a common oral lesion formed by fluid accumulation between the fully formed tooth crown and the reduced enamel epithelium. It is considered a developmental anomaly arising either from the enamel organ after amelogenesis has been completed or extrafollicularly from remnants of the dental lamina. 1 In rare instances, this epithelial lining has been reported to give rise to squamous cell carcinoma (SCC). In his landmark review of the world literature from 1889 to 1967, Gardner 2 found 25 cases acceptable as true SCC arising from the epithelial lining of odontogenic cysts. Since then, only a few additional cases have been reported in the literature. In this report, we present an additional case of SCC arising in the epithelial lining of a mandibular dentigerous cyst.
CASE REPORT
The patient is an otherwise healthy 56-year-old man with no history of tobacco or alcohol use. He had a significant finding of an asymptomatic dentigerous cyst of impacted tooth number 32, discovered at the time of his retirement from active military service several years before his presentation. He remained asymptomatic until he came to his dentist with a complaint of malocclusion. Additionally, he complained of a posterior right mandibular molar that appeared hypererupted. A panoramic radiograph revealed a 2-cm pericoronal lucency surrounding impacted tooth number 32 (Fig 1) . Enucleation of the lesion was done in combination with extraction of teeth numbers 31 and 32. Histopathologic evaluation of the specimen revealed SCC in a dentigerous cyst. The patient was subsequently referred to our institution for definitive treatment.
Three months after the onset of symptoms, the patient came to our institution. Oral examination showed normally healing teeth extraction sites, without other evidence of mucosal abnormality or palpable deformity. There was no palpable cervical adenopathy. The panoramic radiograph was consistent with extraction and/or enucleation sites in the posterior mandible but with no other abnormalities. Enhanced computed tomography of the mandible and neck revealed bony changes as seen on the panoramic radiograph, lingual cortical dehiscence in the right posterior mandible, and no lymphadenopathy.
The patient had a right segmental mandibulectomy, extending from the mandibular notch to the mandibular angle posteriorly and to the socket of extracted tooth 28 anteriorly. A right supraomohyoid neck dissection was done to sample the cervical lymph nodes at risk and to gain access for the mandibulectomy. Immediate bridging of the mandibular defect with a Leibinger mandibular reconstruction bar and 2.7 mm cortical screws was done, with a subsequent plan for definitive reconstruction at 6 months postoperatively. An elective tracheostomy was done at the outset of the procedure in anticipation of postoperative intraoral and oropharyngeal edema. The pa- ABSTRACT: The dentigerous cyst is a common oral lesion arising as a developmental anomaly during amelogenesis. In rare instances, the epithelial lining of these cysts may give rise to squamous cell carcinoma (SCC). Fewer than 50 cases of this rare entity have been reported in the world literature to date. We present an additional case of SCC arising in a dentigerous cyst with a rationale for our treatment approach. In addition, we offer a review of the literature and a review of the clinical, histologic, and radiographic findings associated with this finding. We discuss epidemiologic data and treatment options.
tient's postoperative course was essentially unremarkable. The tracheostomy tube was removed without event on postoperative day 5.
After a planned 6-month recuperation period, the patient had definitive reconstruction of the mandibulectomy defect, using corticocancellous iliac bone with platelet rich plasma. His postoperative course was essentially unremarkable, and he continues to do well. The grafted bone shows excellent radiographic evidence of osteogenesis. Placement of dental implants is planned to complete the dental rehabilitation with a fixed island prosthesis.
PATHOLOGY
The original enucleated specimen was described as a cystic structure with a fibrous capsule and neoplastic islands suggestive of SCC interspersed with a polymorphous infiltrate. Figure 2A represents a low-power view of the enucleated specimen and reveals a follicular cyst with a squamous epithelial lining surrounded by a fibrous capsule. In Figure 2B , a higher-power view shows neoplastic islands of cells consistent with SCC in continuity with normal squamous epithelium, surrounded by a pleomorphic infiltrate of inflammatory cells. Figure 2C is a higher power focus of squamous epithelial cells with cellular atypia.
At the time of the segmental mandibulectomy, soft tissue margins were sent for frozen section intraoperatively and revealed no evidence of malignant tissue. The mandibular specimen on permanent section revealed benign vital bone in addition to eroded lingual and inferior cortical bone with associated prominent reactive bone formation. There was no evidence of carcinoma identified in the surgically resected specimen. The dissected neck contents showed no evidence of malignancy in 41 lymph nodes obtained.
DISCUSSION
A dentigerous cyst develops around the crown of an unerupted tooth after enamel has been formed. The epithelium of the tooth follicle proliferates, degenerates, and then liquefies. The cyst expands as a result of the increase of pressure and resorbs the surrounding bone. 3 As previously stated, SCC arising from dentigerous cyst epithelium is rare. The frequency with which odontogenic cysts give rise to SCC is not known. Frohlich 3 thought the incidence to be but one in a million. The true incidence is probably greater than that, however. In two other series, the incidence of SCC in excised dental cysts ranged from 0.2% to 1.7%. 4, 5 There is a 2:1 predilection for the mandible, with the third mandibular molar being the most common site and the canine maxillary teeth as the second most common. There is a 3:1 male preponderance. Johnson et al 6 have reported the average age of onset at 60.8 years, with a range of 37 to 90 years. Gardner 2 published an extensive review of the world literature in 1967 that revealed only 25 cases found to meet criteria of SCC arising in an odontogenic cyst. These criteria were described in terms of clinical, radiologic, and histologic features, as follows.
Clinically, the diagnosis is suggested by a rapid increase in jaw size and/or a firm swelling or expansion intraorally, which may displace teeth. Patients may complain of pain. 
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There is generally an absence of lymphadenopathy. 2 Often malignant change in an odontogenic cyst is associated with failure of an extraction site to heal, and pathologic fractures have been reported in cases in which the disease has been allowed to progress. 7 Radiographically, the lesion appears as an oval or round lesion with ill-defined borders and may be identified in both dentulous and edentulous jaws. Resorption is evident around tooth roots adjacent to the radiolucency and bony expansion, with thinning of maxillary or mandibular cortices.
2 Radiographic examination does not always show malignant features, such as cortical erosions. 8 Histologically, a chronic infiltrate of lymphocytes and plasma cells is seen surrounding a moderately or well-differentiated SCC as well as dyskeratotic squamous epithelium.
2 Some regions of the cyst lining may contain intraepithelial carcinoma. 7 Permeation or invasion of the perineural lymphatics and extension of the SCC perineurally within the inferior alveolar canal toward the mandibular foramen are often characteristic. It is imperative to identify the transition from normal epithelial lining to SCC to confirm diagnosis.
There is evidence that the transformation from normal epithelial cyst lining to SCC is due to chronic inflammation. Browne and Gough, 9 in 1972, presented two cases of SCC arising in long-standing odontogenic cysts. By reviewing the histopathology of the specimens in these cases, they showed normal epithelium in addition to squamous metaplasia and invasive SCC. They postulated that the epithelial lining of an odontogenic cyst may follow a similar sequence of events in the development of malignancy as seen in the nonkeratinized epithelium of the buccal mucosa. The time required for malignant transformation is not known. However, in many of these cases, the patient's age or the time elapsed since extraction are characteristic of a latency period of many years. 8 Because of the rarity of this tumor, the experience in treatment of this lesion is limited. Treatment is based on experience with tumors arising elsewhere in the oral cavity 7 and has varied from enucleation of the lesion to total mandibulectomy with bilateral neck dissections. 10 In many cases, at the time of diagnosis, a patient has usually had a primary procedure, usually an enucleation of the lesion. Almost always, the lesion is thought to be benign until microscopic examination proves the presence of malignant changes. 1 Tumors of the oral cavity invading deeply into the bone require segmental mandibulectomy for local control. Marginal mandibulectomy is acceptable in cases of extension from the oral cavity involving the occlusal surface without deep penetration. 11 However, because of the origin of SCC from an intramandibular dentigerous cyst, there is deep bone involvement, and bone erosion and invasion occur early. 4 For these reasons, we chose to do a segmental mandibulectomy in this case presented in this paper.
As previously noted, lymph node metastasis is uncommonly associated with SCC arising in odontogenic cysts. 8 Thus, in many cases, avoiding treatment of the neck may not affect survival. However, the presence of lymph node metastasis appears to carry a worse prognosis. Of the 16 cases reported since 1970, three patients died of a tumor. Each of these deaths was associated with nodal metastasis. 8 Treatment failure of the neck appears to be a more significant problem when treatment of the neck for other oral cavity carcinoma is delayed versus elective treatment at the time of the primary surgery. 12 Thus, in cases of potential intraoral invasion, such as the one presented here as evidenced by mandibular cortical invasion, it seems prudent to pursue elective treatment of the neck. There is support in the literature for the incorporation of selective neck dissection because of the minimal morbidity and potential for cure of any metastasis. 13 In our case, erosion of the lingual cortex was noted radiographically in addition to both lingual and inferior cortical erosion identified by histopathologic examination of the resected specimen.
Lapin et al 2 used radiation therapy as both primary and adjuvant therapy for SCC arising in odontogenic cysts. In a review of the literature, Pearcey 4 reported one patient treated with preoperative radiotherapy and four patients treated with postoperative radiotherapy. In addition, he described two cases in which radiation therapy was used for local control after enucleation. Local control was obtained in all but one of these cases, and there was no evidence of osteonecrosis. Despite these reports, the literature includes a greater number of patients treated with surgery with excellent results.
CONCLUSION
Squamous cell carcinoma arising in odontogenic cysts is an uncommon finding and is usually not suspected at the time of initial presentation. The suspicion for diagnosis may be based on clinical as well as radiographic findings. However, the definitive diagnosis is made by histologic examination of the odontogenic cyst, thus necessitating the need for pathologic examination of all such cysts at time of primary treatment. To preserve function and minimize morbidity as well as mortality, a treatment plan should be individualized and should follow oncologically sound surgical principles.
